Introduction
The title of this paper implies that factors in the urban environment are important determinants of intestinal disease. What are the environmental factors and the diseases? How can we identify them as well as treat and prevent the diseases?
We must begin by defining the "urban environment" and its characteristics so that the term is useful for classifying diseases and understanding their relationships to the environment. The densely populated areas of highly developed industrialized countries of the West epitomize the urban environment. However, ifwe use this as a definition, cities in developing countries may show some of the worst features of the urban environment. In addition, if the urban environment is thus defined, the rural environment must comprise the sparsely-populated areas of developed and developing countries. Yet, it is well recognized that environmental factors causing intestinal disease differ in rural areas of developed as compared with developing countries. For these reasons, it is simplest to define the concept *Division of Gastroenterology-Hepatology, Department of Internal Medicine, University of Iowa College of Medicine, Iowa City, Iowa 52242. "diseases of the urban environment:" diseases determined by factors resulting from technological innovations.
The most striking difference between urban and rural environments is in intensity of exposure to technology-related chemicals. This exposure to chemicals pervades all aspects of urban society and is fortunately, but sometimes unfortunately, lacking in the rural environment. In addition to containing factors that cause disease, the urban environment may also lack factors that prevent intestinal disease, factors that are present in the rural environment, particularly rural developing countries. To provide background, some intestinal diseases associated with urban and rural environments are considered, using recent, widely publicized examples. For historical perspective, the first urban intestinal disease, rickets, is also considered.
Background Diseases Caused by Presence of Factors
An environmental factor present in developed countries and deficient in developing countries is access to modem medical care. In many cases modem medical care focuses simply on greater use of drugs, particularly antibiotics. Antibiotics alter the normal bacterial flora of the alimentary tract, leading to overgrowth by opportunistic organisms. Many antibiotic-treated patients develop watery diarrhea. Diarrhea with colitis develops in a smaller percentage of treated patients. Antibiotic-associated colitis is particularly associated with lincomycin and clindamycin and is characterized by severe diarrhea with pseudomembranous placques, confluent pseudomembranes, and/or diffuse hemorrhagic colitis (1) . The etiologic organism appears to be Clostridium difficile, which produces an enterotoxin causing the secretory diarrhea (2) (3) (4) .
Enterotoxin-induced diarrhea can also be contracted in developing countries (5, 6) . In fact, it is one of their commonest diseases, and is called "travelers' diarrhea," when we contract it ourselves (7, 8) . When this disease occurs in the indigenous population, it can be considered an intestinal disease of the rural, as contrasted with the urban, environment. Inadequate purification of the water supply, due in part to lack of chemical treatment, and poor sanitation, result in endemic gastrointestinal infection with bacteria that cause acute, watery diarrhea, with no specific pathologic lesion. Strains of E. coli producing enterotoxin are the most common pathogens (5, 6) . These organisms are indigenous and are spread by the fecal-oral route through food and drink. This self-limited disease runs the shortest course if untreated, but certain antibiotics may be beneficial in prophylaxis (9) . Obviously, too-liberal use of antibiotics for prophylaxis in developing countries would lead to the urban disease, pseudomembranous enterocolitis, even in the rural setting. (13, 14) .
Diseases Caused by Lack of Factors
Contrasting with urban intestinal diseases caused by the presence of specific factors in the urban environment are urban diseases caused by lack of factors abundant in undeveloped countries. These include the colonic diseases, diverticulosis and diverticulitis. Although cause and effect relationships are not firmly established, the increased incidence of diverticular disease in the populations of highly civilized societies as compared with undeveloped countries is attributed to lack of fiber or bulk in the urban diet (15) . For example, diverticular disease of the colon occurs commonly in westernized populations eating little dietary fiber and rarely if at all in African communities where fiber consumption is high (16) . Even in a high-incidence society, asymptomatic diverticular disease reflects fiber intake: fiber intake by vegetarians is twice that of nonvegetarians, whereas incidence of diverticular disease is one-third as frequent (17) . In a society in which incidence was previously low, Africans (blacks) living south of the Sahara, urbanization associated with change from the traditional high to a low residue diet has been accompanied by emergence of diverticular disease (18) . A striking feature of the incidence pattern is that of 16 patients, five were young (in their fourth decade) and only four were over the age of 60. Diverticulosis of the colon also occurs more frequently in the urban population of Greece, particularly in the more prosperous segment. In contrast with findings by other workers with respect to fiber, there is no relationship between diverticulosis and dietary fiber content (19) .
The "irritable bowel syndrome" is probably the most common gastrointestinal disorder of the urban population of developed countries. Since low fiber intake is thought to be a contributing factor, case reports of irritable bowel syndrome in urban blacks consuming a low fiber diet are of interest (20) . The psychosomatic component of stress of the urban environment in both irritable bowel syndrome and diverticulosis should also be emphasized.
The complexity of urban intestinal disease can be illustrated by a malady that is ordinarily thought of as the bone disease, rickets. This disease appeared in epidemic form at the start of the industrial revolution, virtually disappeared, and now is returning (21) Some such diseases have already been identified and certain of their consequences defined. Acute severe lead poisoning with abdominal colic is classically an urban disease of children with pica living in buildings where the paint pigments are lead-based. As response to this knowledge, acute lead poisoning has recently become an urban disease of workers removing the lead from these buildings, "deleaders' intestinal colic" (27) . Although acute lead poisoning is a well defined syndrome, blood lead is not a reliable index of past absorption and toxicity. The potential significance of elevated blood lead levels found in asymptomatic children through lead poisoning screening programs is only now beginning to be understood. The neuropsychologic effects of unidentified childhood exposure to lead have been examined by comparing performance of children with high and low levels of dentine lead (28) . Dentine lead concentration is one of the best available indices of prior exposure. Children with high lead levels scored less well on an intelligence test, and frequency of nonadaptive classroom behavior increased in a dose-related fashion with dentine lead levels. Thus, lead exposure at doses below those producing symptoms sufficient for clinical diagnosis is associated with neuropsychologic deficits that may interfere with classroom performance. Vulnerability of children to lead is enhanced by their increased intestinal absorption. It is of interest that skeletal lead is currently three orders of magnitude greater in Americans and Britons that it was in Peruvians 1600 years ago (29) .
Based on this experience with lead, how many other chemicals in the urban environment are caus-ing undetected effects? Obviously, we cannot always expect well defined syndromes readily recognized by their dramatic acute effects or by standard toxicological procedures. With this background, what is the approach to intestinal diseases produced by chemicals, diseases so subtle that they are not recognized or only suspected? The remainder of the paper will attempt to define these problems as follows: to consider the population at risk; to examine the chemical agents; to outline the physiology of distribution of chemicals in the gut and in the body; to illustrate the application of this information to an industrial disease, Kepone poisoning; to consider the major urban disease of the alimentary tract, carcinoma of the colon; to characterize our present status with respect to identifying and controlling urban intestinal disease.
Characteristics of the Exposed Population
A systematic consideration of intestinal disease in the urban environment must begin by examining population at risk. Most of the characteristics that can be measured in a population bear some relationship to social classes within population. In Western societies the population is commonly divided into six social classes (Table 1) . Class I comprises the leading professions and business executives, class III comprises two categories of skilled workers, nonmanual and manual, and class V is composed of unskilled workers. With regard to measures of health in a population, perhaps the most direct and least controversial indices are infant or neonatal mortality and post-neonatal mortality. Even during the middle of the 1970's, neonatal mortality was twice as great in class V as in class I (Table 1) (30) . The post-neonatal death rate is one of the most socially sensitive health indicators in a society. Even in a welfare state such as Britain, post-neonatal mortality was three times as great in class V as in class I. This general pattern also holds true for many common diseases. Mortality rates from bronchitis and pneumonia, lung and stomach cancer, cerebrovascular disease, peptic ulcer disease, and motor-vehicle accidents show the classical one to five gradient.
With respect to intestinal diseases, cancer of the colon, a disease of western industrial societies, is unusual in that rates are level across the social classes. In contrast to the common diseases previously mentioned, leukemia and other malignancies of the lymphatic and hematopoetic tissues cause a sizable proportion ofdeaths, with the highest in class I and least in class V. Clearly, in examining intestinal (FDA) estimates that there are about 4,000 active ingredients in drugs and about 2,000 other compounds are used as excipients in the drugs to promote stability, cut down on growth ofbacteria, and so on. FDA also estimates that there are about 2,500 additives used for nutritional value and flavoring in foods, and 3,000 chemicals are used to promote product life. This totals about 63,000 chemicals in common use. Obviously, the task of determining the safety of all commonly used chemicals could never be completed, only the scope of the task has been defined.
Why are there so many chemicals? We have accepted the use of manufactured chemicals to the extent that we hardly recognize them as such because they are integral to the innovations that make our urban society possible. Some chemicals are produced in response to legislation. For instance, flame retardants added to sleepwear for infants and chilEnvironmental Health Perspectives dren are the response of the textile industry to flammability standards. When it develops that the flame retardants are mutagens (32) , one may question how to assign responsibility.
Physiology of Distribution of Chemicals in the Body
Since chemicals are integral to the home and work environments, their potential for producing intestinal disease depends on their properties, how they enter and are distributed in the body, and how they are excreted. Chemicals must enter the body in order to cause intestinal disease and effects will depend in part on portal of entry. The major portal of entry of food and water-borne chemicals is ingestion (Fig. 1) . Secondary portals are the lungs and skin. Pulmonary-to-alimentary tract exchange occurs as inhaled substances are coughed into the pharynx and swallowed. This may be particularly important for inhaled particulates and substances bound to them. Alimentary tract contents progress from pharynx to esophagus, stomach, small intestine and finally to colon. Absorption of toxins (as well as food and water) is chiefly from the small intestine, and for nearly all absorbed substances except fats the distributive pathway is via the portal system to the liver, where transformation, conjugation, and re-excretion into the alimentary tract take place (Fig. 2) . Within the gut, the conjugates may be hydrolyzed by pancreatic and bacterial enzymes and be reabsorbed, or may remain within the lumen and be excreted in the feces. This enterohepatic cycle may be repeated many times, e.g., for bile salts and drugs such as indomethacin. Some metabolites pass from the liver Luminal contents of the alimentary tract are a multicompartmental system with solid and liquid (aqueous solution and lipid) components. The chief solid components remaining after digestion are those in fiber or bulk. In smaller amounts and of unknown significance are particulates such as asbestos fibers and fly-ash. These substances may be ingested directly as in drinking water or inhaled and subsequently coughed up and swallowed. Human studies have shown that at least a small fraction of ingested asbestos fibers is absorbed: fibers originating in drinking water are excreted in urine (36) . Pen- etration of asbestos fibers (introduced intragastrically) through the digestive tract and accumulation in tissues has been shown in the rat (37) . Other particulates such as coal fly-ash are mutagenic (38) , and there is evidence that membrane uptake of chemical carcinogens may be particle-mediated (39 During absorption substances pass through the luminal membrane to enter the cell, although small molecules (e.g., urea) and ions (e.g., sodium and chloride) may also enter the body through intercellular pathways. Once within the absorbing cells, e.g., small intestinal mucosa, chemicals are subjected to intracellular processes including metabolism by enzymes and conjugation (40) . Activity of enzymes in intestinal mucosal cells that metabolize chemicals is altered by the ingested chemicals themselves (enzyme induction) as well as by composition of diet and other factors.
Application to Treatment of Urban Intestinal Disease
Information on pathways of distribution and enterohepatic cycling of chemicals is basic to understanding chemically-induced intestinal disease. This information has already been applied to treatment of a systemic disease induced by a pesticide. The organochlorine pesticide Kepone (chlordecone) produces a toxic syndrome involving the nervous system, testes, and liver. In poisoned patients, elimination in urine and sweat is negligible, and fecal excretion accounts for an average of 0.075% of the estimated body burden per day (Fig. 4) (41) . However, fecal excretion accounts for only one-tenth to one-twentieth of the load delivered into the alimentary tract by biliary excretion (determined by duodenal drainage). Unless Kepone has been converted intraluminally into unmeasured chemical compounds, major enterohepatic recycling must have occurred. To test the hypothesis of recycling, cholestyramine, an anion exchange resin that precipitates Kepone from bile, was administered orally (Fig. 4) . Fecal excretion of Kepone increased sevenfold as compared with the control condition prior to treatment. Thus, cholestyramine blocks reabsorption of Kepone, possibly by preventing deconjugation. The effectiveness of cholestyramine in depleting body stores of Kepone depends on the equilibrium between tissue stores of Kepone and blood. Blood Kepone concentration is directly proportional to its concentration in fat, a major body depot. Rapid movement of Kepone from fat to blood to liver makes this detoxification possible. DDT in human body fat also established a dynamic equilibrium with the blood, permitting elimination via the alimentary tract (42) .
Studies of distribution of Kepone in tissues and enhancement of its excretion by cholestyramine in a rat animal model showed that cholestyramine depleted Kepone from all body tissues in proportion to tissue concentration; and total fecal excretion of Kepone was greater than biliary secretion, suggesting excretory pathways other than bile (43) . These pathways might be direct secretion by intestine into the lumen, possibly of a conjugate formed in intestinal mucosal cells, or loss through desquamation of Kepone-laden cells lining the alimentary tract during the normal cell renewal process. Thus, particulates in luminal contents of the alimentary tract can function as if effectively outside the body and provide a means for treatment of chemically-induced disease.
Colon Cancer General
Carcinoma ofthe colon may be the most important intestinal disease of the urban environment. Undoubtedly, the greatest expenditure of time, effort and money has been devoted to this disease. (49) . In undeveloped countries, carcinomas of the cecum and ascending colon are more frequent than carcinomas of the left colon. In developed countries, cancers are predominantly in the left colon (sigmoid) (50) .
Rectal cancers appear to comprise two populations (44 specific carcinogen has been demonstrated in the highly refined diets of developed countries which contain food additives, and are characterized by high fat, sucrose and meat content. Because the;colon is the most distal site in the alimentary tract, an ingested procarcinogen could be inactive in the proximal gut and might be activated when it reached the colon. Factors that might modify incidence or be causal in carcinoma of the colon include bulk, fat, and meat in the diet and their effects on the bacterial flora.
High-residue diets characterize developing countries where incidence of colon cancer is low. The more rapid transit time of gut contents resulting from such diets. is thought to minimize.effects of luminal carcinogens (51) . However, no clear association between undigestible fiber content of diet, transit time, and colon cancer risk has been established. The amount offat in the diet correlates well with risk of colon cancer (50) . Blood cholesterol levels in cancer patients, however, tend to be low rather than high (52) (55) . Some species of clostridia have been reported to be of excessive frequency in patients with colon-cancer (55, 56) , but this finding has not been confirmed in subsequent studies (57, 58 (59) . In rats monocontaminated with bacteria having ,3-D-glucosidase activity and in conventional rats, cycasin given orally is carcinogenic and produces carcinoma of the large intestine. Under these conditions, only a small portion of administered cycasin is recovered unchanged in urine and feces, whereas in germ-free animals recovery of the intact /8-D-glucoside is virtually c.omplete.. The product of cycasin h-ydrolysis, methylazoxymethanol is-a potent carcinogen. inR germ-free animals, as well -as in monocontaminated and normal animals. The requirement for presence.of bacteria for carcinogenesis in the large bowel has also been, shown for a-synthetic compound, 3,2'-dimethyl-4-aminodiphenyl-. This -agent is not carcinogenic in the germ-free rat (60) . Production of cancer of the large bowel by this agent requires the presence of feces, and cancer is not induced in segments ofthe large bowel by-passed by the feces (61).
Bacteria are not necessary for carcinogenicity of agents with target organ specificity for -the colon, as demonstrated by production of cancer of the large bowel b.y ruethylazoxymethanol in germ-free rats (59) . A related compound which is also a large bowel carcinogen in normal rats, methylazoxymethane, has been studied in operated conventional animals (62) ..-Segments of colon were transposed to the level of the small intestine and segments of small intestine were transposed to the level of the colon. On treatment with .methylazoxymethane,, carcinoma developed in the transposed colon segments, but not in the transposed small intestine. Thus, colonic mucosa is susceptible to this. carcinogen, regardless of itslocation in the -alimentary tr-act, but the small intestine is not.
Steroids, which are also metabolized by gut bacteria, are procarcinogens, and their concentration in luminal contents is largely determined by amount of fat ingested. The steroid concentrations in feces are higher in people from developed western pountries than from African or Oriental countrie,s (63) .
Colon Polyps--
It is necessary to consider adenomatous polyps of the colon in connection with carcinoma of the colon as a disease of the urban environment of the highly developed western countries. Adenomatous polyps are probably causally related to colon cancer and both correlate strongly with respect to geography, anatomic location, socioeconomic class, migration experience, and time trends. Incidence of adenomatous polyps appears to be a good epidemiologic indicator of colon cancer risk (44) .
Particulates and Cocarcinogens
This approach and these studies have not eluci--dated the cause of the epidemic of colon cancer in urban societies of the West. It is clear that the alimentary tract, in particular the colon, offers an exceedingly complex setting for a chemically induced disease. Many factors, known and as yet unknown, remain to be investigated. The interactions of particulates (e.g., asbestos and fly-ash) carrying carcinogens, cocarcinogens, and enzyme induction require further study. Certainly, lung and colon cancers may share common etiologic factors. Cocarcinogenesis may be an important factor in colonic carcinoma. This phenomenon is well illustrated by asbestos and cigarette smoke (39) . Some cancers, such as mesothelioma of the pleura and probably some gut carcinomas, result from exposure to asbestos alone. With bronchogenic carcinoma, the problem is different. Asbestos insulation workers taken as a group have a seven-to eightfold higher probability of dying from bronchogenic carcinoma than persons from the general population. However, when asbestos workers are divided into nonsmokers and smokers, nonsmokers have no increased disposition to lung cancer, while the smokers have a 92-fold increased disposition. This suggests that asbestos-induced lung cancer results from synergistic effects of the polynuclear aromatic hydrocarbons in cigarette smoke and particulate asbestos. Polynuclear aromatic hydrocarbons and particulates other than asbestos are also synergistic. To 
